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Introduction
About me
◎ BSc Eng Mechatronics, 2020 - 

UCT
◎ MSc Eng Candidate - UCT
◎ Enjoy working with embedded 

systems
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Outline

◎ Context
◎ The design of the system

○ Hardware Design - PCB
○ Hardware Design - SOC

◎ How to program SOC
◎ A Demonstration
◎ Planned testing
◎ Plans for the future
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1.
Background
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Context

◎ IoT is moving to Edge/Fog Computing
○ Frees Up Bandwidth

◎ Existing applications may require extra Computing or 
connectivity to the cloud

◎ This project fits somewhere in that mould and is an investigation 
and experiment of using Risc-V and LoRa to create a device that 
would be accessible to many and would contribute to an edge 
architecture.
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A look at LoRa

◎ A wireless communication protocol
◎ Aimed at IoT and used by end nodes to communicate 

with each other along with gateways.
◎ Desirable features include:

○ Low Power
○ Free to use (LoRaWAN)
○ Highly Sensitive 
○ Long Range - up to 50km

◎ Designed for Low Bandwidth
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Risc-V Instruction Set Architecture

◎ Open Sourced and Modular
○ Allows sharing and customizing of CPUs

◎ Increasing development of higher order Application 
Specific Cores
○ AI
○ Signal Processing

◎ The processors developed for IoT applications are 
usually in SoCs,  as seen in various literatures. 
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LoRaDongle
A Low-Cost, fully open source 

custom PCB design that 
houses a customizable SOC 
and offers reconfigurable 

logic
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2.
The Design
A look at the choices, constraints, 
evolution and final choices
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PCB Overview

◎ Two prototypes 
◎ Rev 2 is fully functional
◎ Improvements made on the second 

prototype:
○ More applicable ICs
○ Added Breakout Section
○ Reduced physical size
○ Made drastically cheaper

◉ Rev 1: ~$300 for two boards
◉ Rev 2: ~$25 for five boards

◎ Price of components: ~$90
◎ Changes explained in following sections
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Functional Block Diagram of PCB



Changing USB -> SPI & UART Bridge
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Updating SPI FLash
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Updating FPGA Package - Improved Pinout, circumventing 
CLK Issue
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SOC Design - Tools Used

◎ Open Source Python framework LiteX (https://github.com/enjoy-digital/litex) 
○ SoC builder for FPGA based designs.

◎ Supports multiple optional Risc-V CPUs
◎ Also has various other cores/IPs necessary for the SOC.

○ Eg comms: SPI, I2C, JTAG, uart, etc
◎ Other Open source tools for bitstream generation, Project Icestorm 

(https://clifford.at/icestorm) (Yosys, arachne-pnr)
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SOC design made easy with open source tools

LiteX SOC Builder
● Focuses on the interconnect between 

the necessary cores. 
● Generates:

○ Required documentation
○ Header files
○ Linker Information

● Projects that helped greatly:
○ iCEBreaker
○ FOMU

Pure HDL
● Would have to manually design and 

build SoC
● Requires great effort in ensuring 

performance
● Might have to develop on cores and 

peripherals
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SOC Design: Choice of CPU

◎ Low Cost FPGA used
○ Resource Constrained,  only 5K LUTs

◎ Chosen to reduce price and complexity for first prototype
◎ Settled on Serv (https://github.com/olofk/serv)

○ Incredibly small Risc-V CPU!
○ Already Implemented on LiteX

◎ Can also use PicoRV32(minimal) for more complexity, ie 
interrupts.
○ Also in LiteX
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SOC Design

◎ Risc-V CPU - Serv/PicoRV32 (minimal)
◎ 128KB RAM - Using Internal SPRAM of FPGA
◎ 8MB ROM - Stored in SPI Flash
◎ Communications cores:

○ UART - For debugging & communication with host machine
○ SPI  - For LoRa device
○ i2C - For Gas Sensor

◎ General GPIOs
○ TX, RX Leds
○ LoRa Configuration Pins
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SOC Block Diagram



Resource Utilization based on CPU Chosen

Serv PicoRV32(Minimal)

LUTs (Percentage of 
FPGA/5280) 2091  (39%) 3633 (68%)

Embedded Block Ram 
(Percentage of FPGA/30) 3 (10%) 6 (20%)

SPRAM 4 (100%) 4 (100%)

20



4.
A look at the Code
Structure of application, building 
the SOC and snippets
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Generating SOC with LiteX
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Platform file - Selection of Some of the Constraints
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Platform - Creating Class
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Target - Necessary Imports



Target - SOC Class 
Instantiation and 
setting 
parameters:
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Selecting CPU

Telling CPU to find Firmware 
in external SPI Flash
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Target - Setting Up Memory



Target - Comms and GPIO
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Target - Main Function



Code Structure - Firmware
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Csr.h - Collection of functions to 
interface with peripherals
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eg: SPI MOSI, MISO and !SS

Setting CSR Base Register

Interacting With GPIO
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sx126x-hal.c



sx126x.c
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Radio.c



main.c
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3.
A quick 
Demonstration
Building SOC & Pinging between 
two LoRaDongles
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Documentation!
https://marrrk.github.io/LoRaDongle/
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Documentation!
https://marrrk.github.io/LoRaDongle/
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Documentation!
https://marrrk.github.io/LoRaDongle/
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4.
Future Plans
Immediate and beyond
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Planned Tests: LoRa/Board/SOC Capabilities

◎ Rev 2.0 In early Stages of Testing
◎ The testing is planned to cover:

○ Latency
○ Bandwidth & Throughput 
○ Range testing
○ Indoor testing
○ Benchmarking of SOC

◎ Connecting to a TTN LoRaWAN gateway!
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Three main goals

Improve SoC 
◎ Integrate unused 

FPGA fabric
◎ Debug functionality
◎ Refine build Script

Embedded Linux
◎ Requires a much 

larger FPGA. 
◎ Would lead to 

greater 
contribution to 
Edge Computing.

Used in industry
◎ Entrepreneurs
◎ Build a community
◎ Giving Africa a 

platform
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Thanks!
Contact me:
◎ Linkedin: https://www.linkedin.com/in/mark-njoroge-7b4179185 
◎ Email: marksnjoroge@gmail.com 
◎ Website: https://marrrk.github.io/ 
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